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ABSTRACT 
 
Manufacturing Processes is offered as a core subject at Queensland University of Technology by the School 
of Mechanical, Manufacturing and Medical Engineering.  Delivery of this subject is generally passive and the 
content is dry as it consists of many theoretical principals of manufacturing. This may have a detrimental effect 
on students, as manufacturing process is fundamental in engineering course. Being an important fundamental 
subject in engineering course, it is ironic that students tend to neglect the importance of mastering its basic 
principals due to its nature.  In this paper, emphasis will be placed on the effective use of educational 
psychology theories and instructional technology techniques in enhancing the learning capability of the students 
and improving their understanding of the manufacturing subject. Besides the ergonomics and aesthetic aspects, 
consideration on the effective use of Internet technology and its potential will be conscientiously looked into 
while developing the current on-line teaching system. 
 
1. INTRODUCTION 
 
“Knowledge exists in two forms – lifeless, stored in books, and alive, in the consciousness of men” [1].  The 
Internet has the potential to bring about a profound change in the education and training of engineers, technologists 
and scientists. Traditional approaches to teaching, lecturing and tutoring confined to classrooms and laboratories 
are beginning to be overtaken by new approaches of on-line teaching, multimedia courseware, distance courses, 
computer simulation, on-line workshops, media education and video conferencing. These changes enable educators 
to incorporate modern technology into engineering education, which relies heavily on hands-on work conducted in 
laboratories and the visualisation of materials and objects, as well as theoretical aspects of the discipline.  Internet-
based instruction challenges the way in which engineering has been conventionally taught.  
 
The development of the Internet and computer software provides engineering education with an unprecedented 
opportunity to develop tools and simulation programs to study complicated engineering phenomena. The 
implementation of web-based learning in engineering subjects will help to enhance the learning abilities of 
students.  The aim in the present work is not to replace face-to-face teaching but rather to enhance learning by the 
use of visual and interactive aids, which would stimulate interest and encourage students to learn materials 
normally, taught.  Since students are already spending a lot of time surfing the web; participating in listservs and 
proficient in the use of electronic mail; providing learning materials of module on-line will not require much 
further training on the part of the student.  In addition to the above, most universities (and even students) are also 
spending their time developing and maintaining their own web sites, using digital cameras to evaluate lecturers, 
delivering training to industry, and locating material through web searches. Hence, implementing on-line teaching 
aids in engineering subjects will help to complement the subjects and facilitate better understanding of the 
Manufacturing Processes subject. Putting engineering modules and subjects on-line is not new, but implementing 
them with the knowledge of educational, pedagogy theories and exploiting cognitive development in learning is a 
novelty in the system we have developed. 
 
2. EDUCATIONAL PSYCHOLOGY THEORIES USED IN DEVELOPING OLT FACILITY 
 
 The objective of developing this facility is not to build a web site that functions as an information channel but 
to use as a tool that enhances the teaching and learning outcomes. The web site is designed after much 
consideration of the following Educational Psychology theories and instructional technology concepts [1-16] 
namely: Blooms Taxonomy [2], Robert Gagne Steps of Instruction [4], Gardner Styles of Learning [5]. 
 
2.1 Blooms Taxonomy 
 
 In 1956, Benjamin Bloom headed a group of educational psychologists who developed a classification of 
levels of intellectual behaviour important in learning. This became a taxonomy that includes three overlapping 
domains: cognitive, psychomotor, and affective. Each of these domains can be utilised through the interaction of 
media. The focus of this facility was on the cognitive domain.  Cognitive learning is demonstrated by knowledge 
recall and the intellectual skills: comprehending information, organising ideas, analysing and synthesising data, 
applying knowledge, choosing among alternatives in problem-solving, and evaluating ideas or actions. In other 
words, in order for the student to have learned, Bloom recommended that a particular sequence of learning should 
take place. He identified six levels namely; knowledge, comprehension, application, analysis, synthesis and 
evaluation within the cognitive domain.  Bloom advocates that learning begins with the first level – the knowledge 
level. This will be followed by the comprehension level. As learning progresses, the learner will proceed to the 
next level, until he/she reaches the last level.  
  
2.2 Robert Gagne’s Steps of Instructions 
 
 Robert Gagne’s theory is based on a behaviorist view. His theory supports the ideas such as: learning causes an 
observable change in the learner, skills should be learned one at a time, each new skill learned should build on 
previously acquired skills, learning and knowledge are both hierarchical in nature.  What is the optimal sequencing 
of courseware and how it is related to various types of learning? Gagne suggested nine different steps of 
instructions, which should be found in any instructional context. This serves as the basis for instructional design 
and media selection. 
 
2.3 Howard Gardner Style of Learning 
 
 Howard Gardner has identified seven distinct learning styles [7]. This theory has emerged from recent 
cognitive research and "documents the extent to which students possess different kinds of minds and therefore 
learn, remember, perform, and understand in different ways”. According to this theory, Gardner states that a human 
being learns about his surroundings through language, logical-mathematical analysis, spatial representation, 
musical thinking, the use of the body to solve problems or to make things, an understanding of other individuals, 
and an understanding of ourselves.  At first, it may seem impossible to cater to all the different learning styles. 
However, as we move into using a combination of media, or multimedia, the task becomes easier. As we 
understand learning styles, it becomes apparent why multimedia appeals to learners and why a mix of media is 
often more effective. It satisfies the many types of learning preferences that a person may embody or that a class 
embodies.  Some of those guidelines that are used in developing this facility are visuals, printed words, sound, 
motion, instructional settings, learner characteristics and reading ability [8].   
 
 In other words, this simply states that not all human beings are inclined to one style of learning. Some learners 
learn better using “chunks” of text while others learn better with animation and motion. While others may learn 
better with motion only, some others’ learning styles may be a mixture of few of these mentioned.  This facility is 
not just interested in delivering information or presenting lectures materials. It is interested in helping and 
enhancing the process of learning Manufacturing Processes and Mechanics of Materials subjects. The scope of this 
instructional design is based mainly on Gagne’s steps of instructions.  A solid foundation of the learning theory is 
very important, as it is the most essential element in the preparation of instructional materials for students. These 
theories, together with course material will help enhance the learning experience of students. The scope of this 
material is interested in not just the means (the steps in the system model) but also the rightful end (learn). 
 
3. INSTRUCTIONAL TECHNOLOGY 
 
 Instructional/Educational Technology is defined as the technological process applied to teaching and learning. 
This includes all media used to deliver instruction, as well as the process involved in analysing instructional 
problems and devising, implementing and managing solutions to those problems. Undoubtedly, the computer, as a 
teaching tool, is becoming more and more popular among both instructors and students.   Some of the issues 
considered in the developed the current system are discussed below. 
 3.1 The Use Of Instructional Technology Positively Affect Students’ Learning 
 
 In a survey conducted by Draude and Brace [9] reported that 95% of students indicated that both computers 
and the Internet could enhance learning.  Students generally observe a better organisation of course materials as a 
result of the use of technology in delivery. It is also reported that class notes were more legible, accurate and 
accessible.  Many of these students felt that instructional technology appeals to different learning styles, giving 
reasons such as “it helps student visualise things that can’t be drawn on chalkboard” and “it better illustrates 
concepts”.  With the potential of visual impact on students, instructional technology helps the retaining of 
knowledge more efficiently. “Technology helps present information better as we are able to visualise it instead of 
just ‘imagining’ it. Concepts that are hard to visualise, such as the microscopic processes, are “brought to life” 
using animations. 3-D diagrams, which are difficult to illustrate with traditional methods, are presented in a clear 
and interesting manner. Dynamic processes can be presented in an animated form. 
  
3.2 The Use of Instructional Technology Increases Student Interest and Satisfaction 
 
 Students find that instructional technology, when used effectively, can make learning more stimulating, 
interesting and even fun. Students generally feel that increased interactivity with visual components and variety 
instructional delivery methods help to increase their satisfaction. It allows diversity in teaching techniques and thus 
makes learning material more interesting. It also gets students more involved and interested in learning as it 
provides them with a more visual way of learning. 
 
3.3 Instructional Technology is an Integral Part of Today’s Learning Environment. 
 
 Instructional technology has infiltrated our lives. We can either evade it or embrace the new changes. Many 
concede that technology is here to stay and they must be able to use it effectively as they enter the real world. It 
would be disastrous for anyone on the learning curve to ignore this as learning interactivity prepares us for the 
future subtlety. With this, we may be reminded that the purpose of learning/education is to adequately prepare for 
our future undertakings. 
 
3.4 The Internet Does Not Discriminate 
 
 The Internet does not discriminate. Social prejudice, such as appearance, gender, race and behaviours fade 
away because students are being taught solely on what they say and how they say it. It even allows shy students to 
communicate effectively with the lecturer and other students through e-mails. In a nutshell, the Internet, also 
known as the World Wide Web, has attracted much attention from educators lately for its potential to free teachers 
and students from the bounds of their school buildings and make a world of information available at their desks. In 
this fever to link the internet to course curriculum, few instructors or educators are able to link it with constructivist 
principles that leading researches in education say is the best direction for any learning to occur. In actual fact, 
most of the work putting course materials online has been done by librarians and not by the instructors themselves.  
 
4. INTERNET TECHNOLOGY 
 
 The educational design issues raised in previous section need to be translated into electronic form to create an 
educational learning package on the Internet. However, we are not just interested in putting “chunks” of 
information onto the screen of students’ computers. Instead, we are more interested in presenting the information 
as useful learning tools for the subject. For example, Howard Gardner identified seven distinct styles of learning. 
From this, we can conclude that students learn better in a colourful environment because it makes them happy. It is 
also known that students learn better if they are able to pace themselves. In this section we will look into several 
aspects of the Internet technology to effectively exploit the use of Internet as a teaching tool and not just an 
information channel. However, before we move any further into the matter, we need to consider several factors that 
are important.   The various factors that are considered in developing this system are; purpose of the site, targeted 
audience, the page content, speed of response, software and hardware environment, file management graphics of 
the site and other related issues. 
 
 5. CASE STUDY: MANUFACTURING PROCESS ON-LINE TEACHING AID 
 
 Manufacturing Process On-line Teaching Aid comprises of several main components as indicated in the 
following sections of this paper. 
 
5.1 Lecture On-line 
 
 Lecture On-line applies appropriate Educational Psychological theories and presents Manufacturing Process 
with animations and images so as to enhance effective learning and efficient retention. A frame is of lecture on-line 
is shown in figure 2. Animations and images are used for certain processes which text and words themselves are 
unable to describe. It is used when the visualization of certain principles is too complex for the human mind. In 
figures 3 to 5, they show how difficult concepts can be brought across using animation techniques. Reception, 
expectancy, retrieval, selective perception, semantic encoding, reinforcement and generalization processes from 
Robert Gagne’s steps of instruction is being applied here. Appropriate Internet technology (such as Page Length, 
Alt images, Rollover images etc) is being applied to these pages so that learning becomes an enjoyable experience. 
 
     
 
    Fig. 1   – Lecture Outline          Fig. 2  Illustration of Shape Factor Estimation for Forging 
       
Fig. 3  Illustration of Difficult and Complex Concept     Fig. 4 Animation of Bending Process 
           Such as Calculation of COP  
 
5.2 Lecture Download 
 
 Lecture materials can be downloaded from the Internet. Lecture materials are converted to Microsoft Word 
format or Adobe® Portable Document Format (PDF) where they can then be printed from home. The Microsoft 
Word platform is used because it is commonly found with the Microsoft Windows operating system. The PDF 
format allows students to download lecture materials in their original format if the Microsoft Word platform is 
unavailable. 
 
5.3 Video 
 
 The video is a very powerful tool of instruction where Robert Gagne’s semantic encoding process occurs. 
According to Howard Gardner, he states that people learn through their environments and possess multiple 
intelligence abilities. Videos, being both visual and audio, can be used to effectively to teach a student. This is 
undoubtedly   powerful tool in learning manufacturing process.  
 
5.4 Tutorials 
 
 Tutorial questions were designed according to lecture materials presented over the Internet and in lectures. The 
objective of these questions is to test students’ retention & understanding of the topic covered. The questions are 
set according to Blooms Taxonomy of Cognitive Learning. The responding & retrieval process of Robert Gagne 
steps of instructions is applied in this section. 
 
5.5 Text & Reference Texts 
 
 A section where the main text and references of materials is found is being included so as to encourage 
students to read up more on the subject. This page uses HTML platform to create as it is made up mostly of 
readable text. This page truly illustrates the thought put into this web site infrastructure. Many times, for such a 
page, there is no need for animation as a simple web page is enough to bring the message across. This page is just a 
mirror of efficiency applied to web page design as describe by Rick Levine of Sun Mirco System. Inc. 
 
5.6 Lecture On-line Structure 
 
 As recommended by Robert Gagne, the web site instruction modes are as follows: 
• Lecture On-line starts asking questions to gain attention or relate the topic with something familiar to the user. 
• The objectives are then laid out to let the student know what he will be expecting. 
• Selective material is then presented using Flash movies and images to animate manufacturing processes. 
• The topic is then generalised and the main points are summarised to reinforce the lesson presented. 
• Video clips, if available, are then used to further illustrate lecture principles. 
• Questions in the tutorial section are used to elicit the knowledge acquired and grade the performance of the 
learner. 
• A consultant or lecturer is made available for any further questions. 
 
Manufacturing Process Online Teaching Aid Education Psychological Implication is being summarized in table 1. 
 
Table 1: Manufacturing Process On-line Teaching Aid Educational Psychological Implication 
 
Unit Description Educational Psychological Implication 
Lecture 
Download 
To allows lecture materials to be 
downloaded. 
Gardner multiple intelligence applied. 
 
Lecture 
On-line 
A presentation of materials using 
animation and images to enhance 
learning. 
Reception, Expectancy, Retrieval, 
Selective Perception, Semantic Encoding, 
Reinforcement, Generalisation. 
 
Tutorials 
Questions designed to test students’ 
retention & understanding of the topic 
covered. 
Responding, Retrieval 
Video 
 
Video to illustrate some Manufacturing 
Processes. 
Semantic Encoding, Gardner Multiple 
Intelligence Applied. 
Text & 
References 
Source where information is taken.  
Contact Me 
 
To establish lecturers and student 
interaction 
Interaction 
 6. CONCLUSIONS 
 
 A Manufacturing Process On-line Teaching Aid is one of the first few engineering teaching platforms that 
encompass educational psychology theories and effective Internet technology to teach manufacturing process 
education. The thoughts and concept behind this project are well planned and structured.  This web site prides itself 
on its file management system. In the event that any minor changes to the syllabus needs to be done, any person 
with basic web site designing skills will be able to change it without much hassle. Being the first manufacturing 
process educational aid, this will be a benchmark for many other teaching platforms to come. 
 
 This paper documented the design and implementation of Manufacturing Process On-line Teaching Aid. For an 
on-line teaching facility to be successful, different aspects were considered. Factors such as Educational 
Psychology, Internet Technology and Manufacturing Engineering Education are important in the implementation 
of such a facility. This On-line teaching facility will help students master and learn the fundamentals of the subject 
in an interesting and appealing environment.  With the universities emphasis on quality education, and the student 
body’s continual growth in the exposure of information technology, such a facility will continue to be popular both 
with students and lecturers in enhancing the teaching and learning objectives.  
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